Introduction {#s0005}
============

Untreated mental health problems account for 13% of the total global burden of disease and depressive disorders are the third leading cause of disease burden worldwide ([@bib82]). It has been estimated that by 2030 depressive disorders could represent the highest disease burden in the world ([@bib82]). In Canada, mental health problems pose substantial direct and indirect costs on the lives of individuals and society ([@bib17]). An estimated 20% of Canadians will experience a mental illness throughout the course of their lives ([@bib67]), which can lead to short- and long-term productivity losses with serious consequences on public finances and lower government tax revenues. In addition, the costs associated with governmental financial assistance, public spending on health care and community support to address mental illness can place a major strain on the resources of the government. For example, approximately one third of hospital stays are due to mental disorders ([@bib25]) and it is estimated that the direct cost of mental ill health was \$42 billion in Canada in 2011 ([@bib67]). Therefore, strategic spending on mental illness prevention and mental health promotion will promote population health, reduce the need for hospital admissions due to mental illness, and limit productivity declines, all of which would result in cost savings and a reduction in human suffering ([@bib59]).

Poverty has long been associated with poor health outcomes including mental health outcomes. In Canada, individuals in the lowest income group are three to four times more likely to report their mental health as fair or poor compared with the highest income group ([@bib70]). In addition, many cross-national and cross-sectional studies have shown that individuals with low-income or low socioeconomic status are at increased odds of reporting major depression ([@bib39]), mood disorders, anxiety disorder and substance abuse ([@bib22]). Recently [@bib6], stressed the need to disaggregate poverty into specific indicators such as, "income, expenditure, assets, education, employment and food security..." (p.108), in order to examine their distinct impact on mental health outcomes. This paper contributes to the literature by examining one of these indicators in greater detail---household food insecurity (HFI).

HFI is operationally defined as the lack of access to food because of financial constraints ([@bib76]) and in Canada is measured through national survey responses to the Household Food Security Survey Module (HFSSM) ([@bib4], [@bib30]). Using this metric, recent national estimates indicate that in 2012, 12.5% of Canadian households experienced some level of HFI (4.1% marginally food insecure, 5.7% moderately food insecure, and 2.7% severely food insecure) ([@bib77]). The HFSSM is also the national measurement tool in the United States where the criterion for moderate food insecurity is one affirmative response more stringent, limiting direct comparability between studies using the same metric. Nevertheless, studies, which operationalize HFI using any classification system of the HFSSM by level or as a binary, have repeatedly shown that HFI has an impact on physical health and nutrition, including an increased risk of the development of chronic disease ([@bib64]), poor self-rated health ([@bib80]), nutritional vulnerabilities in adolescents and adults ([@bib36]), poor cardiovascular health ([@bib62]), diabetes ([@bib26]), oral health problems ([@bib50]), anemia in children ([@bib18]), and increased hospitalization ([@bib14]). A growing body of evidence has also pointed to a detrimental association between HFI and mental well-being from a variety of settings and using variations on the scoring of the HFSSM ([@bib11], [@bib15], [@bib16], [@bib23], [@bib31], [@bib37], [@bib56], [@bib65], [@bib73], [@bib78], [@bib80], [@bib51], [@bib81], [@bib83]). It is hypothesized that HFI impacts mental health due to the unique stresses associated with the biological and social implications of "not having enough money for food" ([@bib30], p.45), which is the common end to each HFSSM question ([@bib27], [@bib3]).

The evidence presented supports the reasoning for HFI being considered one of 14 social determinants of health in Canada ([@bib58]), or a factor apart from medical care that can shape health in a powerful way ([@bib7]). Importantly, population health researchers emphasize that health risk does not often occur as two extremes of exposure but rather as a continuum of risk ([@bib34]). Therefore, population-based interventions focus on shifting the risk curve for an entire population while paying attention to the social conditions that characterize individual lives ([@bib40], [@bib28]).

The majority of the research conducted on the association between mental health outcomes and HFI has been conducted using a binary measure of food insecurity ([@bib11], [@bib23], [@bib80]), despite the established predictive power of a three-level (food secure, moderately food insecure and severely food insecure) or four-level (food secure, marginally food insecure, moderately food insecure and severely food insecure) HFI measure on mental health outcomes ([@bib14], [@bib78], [@bib5], [@bib16], [@bib56], [@bib51], [@bib81]). A binary measure treats food insecure respondents as one homogenous group and thus disguises important health outcomes associated with different severities of HFI ([@bib5], [@bib75]). For example, Burke and associates observed that a three-level measure of HFI severely was positively associated with mental health outcomes in children and adolescents in the United States, using a slightly more stringent criterion for moderate food insecurity compared with Canada ([@bib5]). In addition, in Canada Tarasuk and colleagues showed increasing health care costs (including psychiatric care and prescription drug costs) with increasingly severe HFI, using a four-level variable ([@bib76]). These studies present the idea that HFI could be having a graded, or step-wise, impact on mental health outcomes. The present study contributes to the literature by analyzing the relationship between a four-level HFI variable and six adverse mental health outcomes in Canadian adults.

The objectives of this study are specifically to: 1) determine whether increasing levels of HFI are associated with higher risk of reporting adverse mental health outcomes (i.e., does an HFI gradient exist on six mental health conditions?); and 2) quantify the reduction in the reporting of mental health outcomes that could be expected if severe HFI were eliminated in Canada, i.e., if the risk curve were shifted to less severe HFI.

Methods {#s0010}
=======

Data source {#s0015}
-----------

We pooled 4 cycles (Cycle 3.1 \[2005\], 2007--2008, 2009--2010, and 2011--2012) of the Canadian Community Health Survey (CCHS). The CCHS is a series of cross-sectional surveys structured to collect information on a variety of issues relating to health, including health status, health care utilization, and health determinants ([@bib72]). The target population, sampling procedure, and sample sizes are all determined by Statistics Canada. These surveys are divided by health region and reflect estimates according to health region and province as well as the Canadian population as a whole. The CCHS collects data from any person aged 12 or older residing in a dwelling in the ten provinces and three territories. Individuals living on reserves or Crown land, in institutions, in remote regions, or who are members of the Armed Forces are not included in the survey. The CCHS data sample represents approximately 98% of the Canadian population aged 12 years or older.

Cycles were combined with the existing weights (survey weights), divided by four (the number of cycles pooled) and the pooled dataset[1](#fn1){ref-type="fn"} was treated as one sample from a single population with a sample size of N=515,421 prior to exclusions.

The CCHS questions are designed for computer-assisted interviewing (CAI) with pre-programmed questions, content flow, and allowable responses (ranges or answers). Half of the interviews take place by telephone while the other half take place as personal interviews; participation in the CCHS is voluntary and responses are kept strictly confidential ([@bib72]).

Exclusion criteria {#s0020}
------------------

The population of interest is working-age Canadian adults (18--64 years). Children aged 12--17 years were excluded from the dataset as adult members of a household will often protect children in that household from more severe food insecurity ([@bib60]). As a result, the children's level of HFI may not accurately reflect the real lived experience of food insecurity for that child, who may still feel the shame, distress and frustration related to food insecurity ([@bib60]). Respondents 65 years and over were excluded because seniors in Canada receive guaranteed monthly income in the form of a seniors pension therefore they have the lowest HFI rates of the adult demographic in Canada ([@bib20]). In addition, due to challenges of food supply related to isolated geographic areas such as Canada's Northern Territories ([@bib33]), only respondents from the 10 provinces were included in the dataset.

Provincial participation in the CCHS depended on the survey cycle. In the CCHS 2007--2008 and CCHS 2011--2012, the HFI module was a core component; therefore, respondents from all ten provinces participated in the survey. The module was optional in the CCHS 3.1, and the provinces of Newfoundland and Labrador, New Brunswick, Manitoba and Saskatchewan declined participation. In the CCHS 2009--2010, Prince Edward Island and New Brunswick declined participation. Pooling four cycles (two of which include data on the provinces who declined to participate in 3.1 and 2009--2010) and bootstrapping circumvents problems related to generalizability of the results to the ten provinces. Only households that provided a response to the HFI module were included in the dataset.

Measures {#s0025}
========

Household food security survey module (HFSSM) {#s0030}
---------------------------------------------

The exposure variable in this project was HFI as measured through the HFSSM. The HFSSM was adapted from the 18-question US Household Food Security Survey Module that had been used to monitor food insecurity in the United States since 1995 ([@bib52]). Although the two modules are based on the same survey questions, the threshold for moderate food insecurity is one affirmation less in Canada than the US ([@bib52]). The HFSSM has been validated in Canada using Rasch measurement model and has been shown to measure the same phenomenon in English and French speaking respondents ([@bib4], [@bib30]). The HFSSM assesses the food insecurity situation of adults as a group and children as a group within the household over the past 12 months. The HFSSM includes 10 questions measuring HFI in adults and 8 questions measuring HFI in children ([@bib72]).

A four-category HFI variable was used for this study in accordance with the current literature on HFI in Canada ([@bib77]). The "Food Secure" group included respondents who screened negative[2](#fn2){ref-type="fn"} or who did not answer affirmatively to any of the adult or child food situation questions in the HFSSM. The "Marginally Food Insecure" group included respondents who answered affirmatively to 1 question in the HFSSM. This group has been shown in the Canadian literature to have health implications intermediate to the food secure and moderately food insecure group ([@bib75]). The "Moderately Food Insecure" group included respondents who answered affirmatively to 2 to 5 adult food situation situations or 2 to 4 child food situation questions. Finally, the "Severely Food Insecure" included respondents who answered affirmatively to 6 or more adult food situation questions or 5 or more child food situation questions. Of note, this classification is identical to the US classification of the HFSSM for very low food insecurity. Those who were missing because of lack of response to the HFSSM were compared to those who responded to the HFSSM on all covariates used in this analysis. There were no statistically significant differences between the two groups, and on this basis respondents were considered missing completely at random (MCAR).

Mental health outcome variables {#s0035}
-------------------------------

Six common mental health outcomes collected in the CCHS were included in the analysis: major depressive episodes in the past year, depressive thoughts in the past month, anxiety disorders, mood disorders, self-reported mental health status and suicidal thoughts in the past year. All six outcomes were self-reported, due to the nature of the survey, but respondents were asked to only respond affirmatively to the anxiety and mood disorder questions if a physician or health professional had diagnosed them with these conditions. All mental health outcomes measured in the CCHS were included in this analysis, with the exception of illicit drug use and binge drinking due to low response rate. The CCHS questions are divided into common core content and optional content. The common core content questions are asked in every province and territory whereas the optional component is tailored to the region. As a result, three of the outcome variables used in this study (suicidal thoughts, depressive thoughts and major depressive episodes) were not asked in all provinces. A detailed description of the mental health outcome variables is presented in the [Appendix A](#s0080){ref-type="sec"}.

Demographic and socioeconomic covariates {#s0040}
----------------------------------------

Six demographic variables (age, sex, marital status, household composition, homeownership and highest education level in household) were included as covariates and were assessed for effect modification or confounding on the relationship between HFI and adverse mental health outcomes. In addition, variables that measure respondents' ethnicity (white, Asian, Aboriginal, or other), immigration status (immigrated less than 10 years ago, immigrated more than 10 years ago, Canadian-born), main income source (wages, Employment Insurance/Workers' Compensation Board, social assistance, other sources), and inflation adjusted household income (low, medium-high) were also included in the analysis.

Covariates were selected based on literature citing the risk factors for HFI and its associated health effects ([@bib12]; [@bib74], [@bib65]; [@bib31]; [@bib51]; [@bib78]; [@bib77]; [@bib53]). After reviewing the literature, referent groups were selected if they had a protective impact against HFI. Finally, a cycle variable (2005, 2007/08, 2009/10, 2011/12) was included in order to determine whether macro-level economic events, such as the 2008--2009 recession in Canada, modified the relationship between HFI and adverse mental health outcomes.

Missing values on the covariates did not account for more than 4.6% of the total sample size and the majority of the missing values accounted for less than 1% of the total sample size for each covariate. While no established cut-off for missing data exists, some authors have argued that missing data that accounts for less than 10% ([@bib2]), 5% ([@bib63]) or 1% ([@bib47]) of the total sample size is inconsequential and thus can be removed.

Statistical analyses {#s0045}
====================

Data analysis was conducted at the \[blinded\] Research Data Centre using STATA statistical software (version 14) ([@bib69]).

Univariate descriptive analyses of all study variables were followed by bivariate analyses to assess the proportion by level of HFI in Canadians for each mental health outcome. Crude and adjusted binary logistic regression analyses were then conducted to present the odds of reporting adverse mental health outcomes at each level of HFI (data not shown). In addition, covariates were assessed for confounding and effect modification. The covariates included in the multivariable models for each of the six mental health outcomes were determined by assessing each covariate as a potential confounder and effect modifier by comparing the crude analyses to the individually-adjusted analyses (data not shown). Significant variables and interactions were included in the all-inclusive model and non-significant variables were removed through backwards elimination using a Bonferroni adjustment for multiple testing.

Marginal effect reduction analyses were calculated to quantify the potential reduction in adverse mental health outcomes with the elimination of severe HFI in Canada compared to food secure Canadians. Marginal effects or partial effects, estimated from the probit analysis, measure the change in the conditional estimate of the outcome variable given a change in one of the regressors (e.g. HFI) ([@bib9]). We generated probit models, based on the multi-variable fully adjusted and reduced models (data not shown), to assess the probability of reporting each adverse mental health outcomes, controlling for all pertinent study covariates. The proportions were then converted to percentages and represent the percent point reduction in the odds of reporting of each adverse mental health outcome if the respondent's variable of interest (e.g., movement from severe HFI to food security) were to be changed into the referent group of that variable of interest. While this method of analysis is typically utilized in the study of economics, there has been interest in this technique in the field of public health ([@bib19], [@bib21], [@bib44], [@bib45]).

Analyses were conducted on sample weighted data provided by Statistics Canada, in order to account for clustering due to complex survey design, and estimates were generated using 500 bootstrap replicates. An alpha level of p \< 0.05 was used to test for significance. All estimates were subjected to Statistics Canada vetting procedure for small cell sizes.

Results {#s0050}
=======

[Table 1](#t0005){ref-type="table"} presents the demographic statistics for all respondents included in the sample. After exclusions, the proportion of Canadian adults aged 18--64 years experiencing HFI is approximately 11.8% \[95% CI: 11.3--12.2\], while severe HFI is reported in 1.4% \[95% CI: 1.3--1.5\] ([Table 1](#t0005){ref-type="table"}). The proportion of respondents reporting one of the six adverse mental health outcomes ranges from 5.3% (95% CI: 5.2--5.4, poor/fair mental health) to 19.9% (depressive thoughts 95% CI: 19.6--20.3). [Table 1](#t0005){ref-type="table"} also presents the socio-demographics of food insecure Canadians.Table 1Prevalence (%) and 95% Confidence Intervals of Study Variables from a Pooled Sample of Respondents from the Canadian Community Health Survey 2005--2012 (N = 302,683).Table 1**VariableCategoriesPercent95% CIOutcome**Major Depressive Episodes in the Past YearYes6.46.2--6.6Depressive Thoughts in the Past MonthYes19.919.6--20.3Anxiety DisorderYes5.85.7--6.0Mood DisorderYes7.27.0--7.3Suicidal Thoughts in the Past YearYes19.718.7--20.7Mental Health StatusFair/Poor5.35.2--5.4**Exposure**Household Food InsecurityFood Secure88.288.0--88.4Marginal Food Insecurity3.73.5--3.8Moderate Food Insecurity6.76.5--6.9Severe Food Insecurity1.41.3--1.5**CovariateCategoriesMeanStandard Deviation**AgeContinuous (18--64)42.813.5**CovariateCategoriesPercent95% CI**SexMale49.149.1--49.2Female50.950.8--50.9HouseholdUnattached, living alone12.512.3--12.7Single living with others5.15.0--5.3Couple, no kids25.325.0--25.5Couple with kids \< 2545.044.7--45.3Lone parent, kids \< 256.15.9--6.3Other/multi-family6.05.9--6.2Marital StatusMarried/Common Law65.264.9--65.4Divorced/Widowed/9.29.0--9.4Separated25.725.4--25.9SingleInflation-Adjusted IncomeLow[a](#tbl1fna){ref-type="table-fn"}5.85.6--5.9Med-High94.294.1--94.4Income SourceWages/Salary/Self-Employment88.988.7--89.1EI/WCB1.11.0--1.1Social Assistance [b](#tbl1fnb){ref-type="table-fn"}8.28.0--8.3Other [c](#tbl1fnc){ref-type="table-fn"}1.81.8--1.9RaceWhite79.278.9--79.6Asian11.711.4--12.0Aboriginal2.62.5--2.7Other [d](#tbl1fnd){ref-type="table-fn"}6.56.2--6.7EducationPost-Secondary Degree80.580.2--80.7Some Post-Secondary5.45.2--5.5High School Grad9.89.7--10.0Less than High School4.44.2--4.5ImmigrationImmigrated \> 10 years ago15.715.5--16.0Immigrated \<10 years ago7.57.3--7.7Canadian Born76.776.4--77.0HomeownershipHomeowner73.573.1--73.8Renter26.526.2--26.9Cycle of CCHS3.122.222.1--22.32007/0825.525.4--25.62009/1025.625.6--25.72011/1226.626.6--26.7[^1][^2][^3][^4]

[Fig. 1](#f0005){ref-type="fig"} presents the weighted and bootstrapped percent of Canadians reporting the six adverse mental health outcomes by each level of HFI. Overall, the percent of Canadian adults reporting six adverse mental health outcomes is positively correlated with the level of HFI. Six adverse mental health outcomes show a HFI gradient. There is nearly a two-fold difference in the burden of mental health outcomes between food secure and marginally food insecure households. Of particular concern are the extremely high percentages of adverse mental health outcomes reported among respondents in severely food insecure households, which range from 25.5% \[95% CI: 23.6--36.6 anxiety disorders\] to 41.1% \[95% CI: 36.3--46.0, suicidal thoughts in past year\].Fig. 1Percent and 95% Confidence Intervals of Six Adverse Mental Health Outcomes Reported for Each Level of Household Food Insecurity (Unadjusted Prevalence).Fig. 1

[Table 2](#t0010){ref-type="table"} presents results from the marginal effect reduction analyses. In essence these results refer to the percent point reduction for the six adverse mental health outcomes if the respondent were to adopt the characteristics of the food secure referent group. Marginal effects provide insight into the impact of potential interventions that aim to reduce or remove HFI. Provided a severely food insecure households were to become food secure we can expect a 25.2% (22.4- 28.0) point reduction in the reporting of depressive thoughts in the past month as one example. Compared to all other covariates, HFI has the largest individual impact on the reporting of adverse mental health outcomes. Moreover, there is a significant reduction in mental health outcomes for all levels of HFI including marginal HFI if those households were to become food secure. For example, marginal reductions range from a percent point reduction of 3.44 \[2.79--4.82\] for anxiety disorders and 9.20 \[7.10--11.3\] for depressive thoughts in the past month.Table 2Marginal Effects (in percent) and 95% Confidence Intervals of Study Variables on Six Outcomes from a Pooled Sample of Respondents from the Canadian Community Health Survey 2005--2012 (N = 302,683).Table 2**Marginal EffectsDepressive Thoughts in the Past Month**[a](#tbl2fna){ref-type="table-fn"}**Major Depressive Episodes in the Past Year**[b](#tbl2fnb){ref-type="table-fn"}**Anxiety Disorders**[c](#tbl2fnc){ref-type="table-fn"}**Mood Disorders**[d](#tbl2fnd){ref-type="table-fn"}**Fair/Poor Mental Health Status**[e](#tbl2fne){ref-type="table-fn"}**Suicidal Thoughts in the Past Year**[f](#tbl2fnf){ref-type="table-fn"}**Household Food Insecurity Status**Food Secure (referent)9.20^\*\*\*^3.79^\*\*\*^3.44^\*\*\*^3.95^\*\*\*^3.63^\*\*\*^7.82^\*\*^Marginal(7.10--11.3)(2.76--4.82)(2.79--4.09)(3.25--4.66)(3.00--4.27)(3.87--11.8)Moderate14.5^\*\*\*^6.61^\*\*\*^4.63^\*\*\*^6.39^\*\*\*^5.70^\*\*\*^5.91^\*\*\*^(12.9--16.1)(5.87--7.34)(4.12--5.15)(5.84--6.94)(5.22--6.18)(3.12-- 8.71)Severe25.2^\*\*\*^12.4^\*\*\*^8.01^\*\*\*^11.1^\*\*\*^9.40^\*\*\*^16.0^\*\*\*^(22.4--28.0)(11.3--13.6)(7.24--11.1)(10.3--11.9)(8.60--10.2)(12.1--19.9)[^5][^6][^7][^8][^9][^10][^11]

Discussion {#s0055}
==========

We observed a HFI gradient for six adverse mental health outcomes, suggesting support for a possible dose-response relationship between HFI and adverse mental health outcomes. In general, increasingly severe HFI is associated with an increased risk of reporting six adverse mental health outcomes, with varying steepness of the gradient dependent on the mental health outcome. These relationships remained significant after adjustment for a wide range of demographic and socioeconomic covariates, including those factors typically associated with socioeconomic status such as low household income. As expected, the highest risk was among those reporting severe HFI but individuals reporting marginal HFI were also at increased risk of reporting all six adverse mental health outcomes.

We also found that marginal HFI was statistically significantly related to the risk of reporting all six adverse mental health outcomes with odds ratios, thus supporting the disaggregation of HFI into a four-level variable.

Mental illness derives from a complex interplay among genetic, biological, individual and social factors (for a review, see [@bib57]). Current psychosocial research on the development of mental illness has emphasized the importance of stress in the pathway leading to mental illness regardless of whether the perspective is biological or sociocultural ([@bib35], [@bib49], [@bib13], [@bib8]). Within this complex interplay, HFI is a well-documented source of anxiety and stress among affected households ([@bib29], [@bib61], [@bib66], [@bib74]) and is a modifiable factor that should not be overlooked.

The marginal effect reduction analyses offer an estimation of the substantive reductions in mental health outcomes one could expect with the removal of HFI. If those who are experiencing severe HFI were to become food secure, we could expect a percent point reduction between 8.01 and 25.2 for anxiety disorders and depressive thoughts in the past month, respectively.

In cross-sectional analyses such as this study, one cannot discern causality but our models assume that severe HFI acts as a chronic stressor leading to deleterious mental health outcomes. Recently, theorists ([@bib48]; [@bib24]; [@bib32]) have begun to hypothesize a bidirectional relationship between HFI and mental health, whereby poor mental health results in a loss of productivity which can result in depletion in financial and social resources needed to buffer against HFI. This hypothesized bi-directionality of effect provides a unique opportunity to decrease the burden of both conditions (in this case HFI and adverse mental health conditions) by reducing the prevalence of one of the hypothesized stressors in the causal pathway towards the development of poor mental health. This study has shown that severe HFI, in particular, is an extremely stressful condition that has an independent impact on six adverse mental health outcomes. That being said, HFI can be modified through population health interventions.

Population health interventions aim to shift the risk curve (or reduce the gradient across levels of risk) for an entire population ([@bib40], [@bib28]). Interventions directed at reducing HFI include income supports, income volatility protection, labour and social protections, income transfers and better access to higher education ([@bib43], [@bib68], [@bib38], [@bib42], [@bib44]). These interventions aim to improve the overall health of a population and reduce the steepness of the health gradient. Currently in Ontario, a basic income pilot project for working-age Canadians is being proposed, which could have important impacts on the prevalence of HFI in Canada and subsequent reductions in adverse mental health outcomes ([@bib20], [@bib44], [@bib45]). Due to forthcoming income-based policy in Canada, hypothesizing the mental health impact of the reduction of HFI on mental health outcomes is timely and necessary.

Strengths {#s0060}
---------

This study addresses an important social and political issue--HFI and mental health through analysis of a large and robust national dataset, which included a validated module for the ascertainment of HFI. The pooling of four cycles of the CCHS yielded a sample size that permitted use of a 4-level HFI variable while maintaining statistical power. The present study establishes the impact of marginal food insecurity on self-reported mental health, major depressive episodes and depressive thoughts for Canadian adults, which has been previously unreported in the literature. The study further examined the impact of HFI on mood and anxiety disorders separately, whereas the two conditions have been combined in past literature ([@bib78]). Previous studies have observed a HFI gradient of mental health impact on children and adolescents ([@bib5]); this study contributes to the literature by examining this relationship for Canadian adults.

The advantage of the disaggregation of HFI into four categories is the ability to show a distinct increase in risk of reporting mental health outcomes with increasing HFI severity. The present study is unique in that it examines the relationship between a 4-level HFI variable and three previously unstudied mental health outcomes (self-reported mental health, major depressive episodes and depressive thoughts) in Canadian adults, as well as examining three previously studied mental health outcomes (suicidal thoughts in the past year, anxiety disorders and mood disorders) ([@bib78], [@bib16]).

Limitations {#s0065}
-----------

A longitudinal survey would have been ideal to study the temporal relationship between mental health and HFI. Given established difficulties relating to tracking and loss-to-follow-up of socially marginalized individuals ([@bib46]), the use of cross-sectional data on the Canadian population was the best available method to answer an exploratory research question. In addition, although the CCHS does not include certain respondents, including the homeless, our results are likely an underestimation of the prevalence of HFI in Canada.

It should be noted that in quantitative research there is a fine balance between Type I and Type II error. This large sample size puts this study at risk of Type I error or the probability of rejecting a null hypothesis when it is in fact true ([@bib54]). One way to avoid the probability of committing Type I error is narrowing the confidence intervals to increase the difficulty of rejecting a null hypothesis. This study employed a bootstrapping method which results in more narrow confidence intervals. In addition, while Type I error cannot be avoided, the six adverse mental health outcomes vary in terms of sample size. For example the outcome "mood disorders" has an n = 302,623 while "suicidal thoughts in the past year" has an n = 15,856. Despite the variation in sample size, HFI is statistically significantly related to both outcomes, which strengthens confidence in the validity of the findings.

When utilizing self-reported mental health variables there is always the potential for measurement error. This error could be occurring in the outcome variables "suicidal thoughts in the past year" and "depressive thoughts in the past month" where response rates were lowest. Despite this, the variable assessing Major Depressive Episodes (MDE) is a validated measure based on the CIDI-short form (with a 90% probability of caseness). In addition, two of the "self-reported" variables are physician diagnosed and would likely be an underestimation of effect due to social desirability bias rather than an overestimation. In addition, self-reported mental health status has been shown to be a valid and reliable measure of general mental health ([@bib41]). It can be speculated that the HFI variable and the mental health outcomes could be positively correlated due to their self-reported nature, which could result in measurement error if the two variables are not independent.

Many of the variables, including mental health outcomes, included in this analysis were at the individual level but the HFSSM produces a household-level variable. Therefore, it must be stated that the level of food insecurity felt by a household does not necessarily mean each individual in that household experiences the same level of food insecurity. Given that all respondents below the age of 18 were eliminated from this dataset, this study analyzed adults in the household and, therefore, it is more likely that the HFI level was related to the adult respondent's individual food insecurity status. Again, misclassification bias would be expected to attenuate the findings.

Finally, this study utilizes the Canadian measure of HFI that uses a slightly more lenient definition of moderate food insecurity compared with the American measure. Despite evidence that the Canadian HFSSM measures the same phenomenon and when directly compared to the US measure has been shown to be reliable and valid ([@bib30]; [@bib52]), it is important to read these findings in a Canadian context and use care when interpreting the moderate food insecurity findings in an American context.

Conclusion {#s0070}
==========

Many studies have been published on the association between HFI and poor mental health in a variety of high-income countries ([@bib11], [@bib15], [@bib16], [@bib23], [@bib31], [@bib37], [@bib56], [@bib65], [@bib73], [@bib78], [@bib80], [@bib51], [@bib81]). These studies generally conclude that HFI results in, or is associated with‚ poor mental health outcomes. In this study, we extend the finding that HFI is an independent risk factor for adverse mental health outcomes through an examination of how the HFI gradient leads to increasing risk of six outcomes at each increased level of severity.

We theorize that severe HFI could be regarded as a chronic stressor with significant effects on population-level mental health. Within the complex interplay of genetics, social and biological factors hypothesized as the source of the development of adverse mental health conditions, HFI is readily modifiable through income-based interventions and its reduction. In particular the elimination of severe HFI could have a substantial quantifiable impact on the mental health of affected Canadians, or other residents of high income countries with a similar profile of HFI and mental health burden.
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Appendix A {#s0080}
==========

See:[Table A1](#t0015){ref-type="table"}.Table A1Description of Outcome Variables Included in Study.Table A1**Name of VariableLevel of MeasurementSurvey QuestionDescription**Depressive Thoughts in the Past MonthBinary (Yes, No)"During the past month, about how often did you feel sad or depressed?"Those who responded all of the time, most of the time, some of the time were coded into the "yes" group. All other respondents were coded into the "no" group.Major Depressive Episodes in the Past YearBinary (Yes, No)The Composite International Diagnostic Interview Short Form (CIDI-SF) measures Major Depressive Episodes (MDE). This subset of questions assesses the depressive symptoms of respondents who felt depressed or lost interest in things for 2 weeks or more in the last 12 months. Respondents are screened into the CIDI-SF based on affirmative responses to the following 2 screening questions, if a respondent answers affirmatively to the screening questions, their depression level is measured based on 7 additional questions.The classification of depression is based on an affirmative response to the original screening question and 5 out of 9 of the depression questions. This corresponds to a 90% predictive probability of caseness, which closely aligns with the DSM-5 diagnostic guidelines for MDE in adults ([@bib1]). This probability expresses the chance that the respondent would have been diagnosed as having experienced a Major Depressive Episode in the past 12 months had they completed the CIDI Long-Form ([@bib72]).Anxiety DisorderBinary (Yes, No)"Do you have an anxiety disorder such as phobia, obsessive-compulsive disorder or a panic disorder?"Respondents are reminded that the question is only referring to those conditions diagnosed by a health professional in the past 6 months.Mood DisorderBinary (Yes, No)"Do you have a mood disorder such as depression, bipolar disorder, mania or dysthymia?"Respondents are reminded that the question only refers to those conditions diagnosed by a health professional in the past 6 months.Suicidal Thoughts in the Past YearBinary (Yes, No)"Have you ever seriously considered committing suicide or taking your own life? Has this happened in the past 12 months?"This variable was recoded into a dichotomous variable. In addition, those who answered "not applicable: were coded into the "no" group, given they answered negatively to this question in an earlier prompt.Self-Reported Mental Health StatusBinary (Fair/Poor, Good/Very Good/Excellent)"In general, would you say your mental health is: excellent, very good, good, fair, or poor?"This variable was recoded into a dichotomous variable. "Fair/poor" or "Good/very good/excellent". This variable has been validated and is a reliable measure of general mental health ([@bib41])
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Pooling CCHS data requires that three assumptions be met: the same characteristics must be assessed from cycle to cycle, the same population must be targeted across cycles, and the "mode effect" (that the same method of data collection must occur across cycles) ([@bib79]). All three of these assumptions were met in this analysis.

In order to be administered the HFSSM, all respondents were asked to answer a screening question referring to their household food situation. The responses on the screening question were not included in the HFSSM score.

[^1]: Derived from respondent\'s total household income before taxes adjusted by Canadian inflation rates for the year the respondent was surveyed ([@bib71]). Inflation adjusted income was ranked (low-lower middle, middle, upper middle, and highest) based on the number of people in that household and national income thresholds ([@bib10], [@bib55]). Finally, the 4-level variable was dichotomized into low and medium-high income.

[^2]: Includes: benefits from Canada or Quebec Pension Plan, Old Age Security and Guaranteed Income Supplement, Provincial or municipal social assistance or welfare and Child Tax Benefit.

[^3]: Includes: Retirement pensions, child support, alimony and other.

[^4]: Includes those who identify as: Black, Latin American, Arab, and Other (Multi-racial).

[^5]: \*P \< 0.05, \*\*P \< 0.01, \*\*\*P \< 0.001.

[^6]: Adjusted by: sex, age, marital status, education, ethnicity, immigration status, income source, total household income, sense of belonging, homeownership and cycle of CCHS.

[^7]: Adjusted by: sex, age, marital status, education, immigration status, income source, total household income, sense of belonging and cycle of CCHS.

[^8]: Adjusted by: sex, marital status, education, ethnicity, immigration, income sources, total household income, sense of belonging, homeownership and cycle of CCHS.

[^9]: Adjusted by: sex, age, marital status, household composition, ethnicity, immigration status, income source, total household income, sense of belonging, homeownership and cycle of CCHS.

[^10]: Adjusted by: sex, age, marital status, household composition, education, immigration status, income source, total household income, sense of belonging, homeownership and cycle of CCHS.

[^11]: Adjusted by: marital status, household composition, education, ethnicity, immigration status, income source and sense of belonging.
